Introduction
The isolation of mitochondria from living cells by the application of the differential centrifugation technique initiated by B e n s-I e y and his school (1) and improved by Claud (2) and Ho gebo om and their associates (3), has made possible the study of chemical and enzymatic constitutions of mitochondria, and it is now well established that in all animal cells which have been examined mitochondria are the sites of the main intracellular respiratory enzyme. On the other hand, during the past few years great efforts have been directed toward the elucidation of the mutual dependence of mitochondrial structure and function (4). Numerous investigators have shown that isolated mitochondria are so labile to environmental conditions that they show variety in shape depending on the medium in which they are suspended (3), and that biochemical activity associated with mitochondria has some relation to their morphological structures.
Since biochemical studies have all been carried out with isolated mitochondria, studies of morphological differences between intracellular mitochondria in situ and isolated mitochondria may be of great importance.
With this point of view, comparative morphological and cytochemical studies between intracellular and isolated mitochondria of the rat liver and kidney cortex were attempted.
Materials and Methods
The liver and kidney cortex obtained from 2 to 3-month-old 41 albino rats were used in this study. and prepared so as to contain the mitochondria per 1. 0 g. of liver or kidney cortex in 1. 5 ml.) (hypertonic) sucrose (pH 7.4) or 0.25 M (isotonic) sucrose solution (pH 7.4) at 0°C and were then blotted, minced with scissors into pieces of about 0.5 cm. in thickness, and weighed.
Nine ml. of cold 0.88 M or 0.25 M sucrose solution (pH 7.4) were added to each 1.0 g. of liver or kidney cortex tissue, and each of these tissues was homogenized for 2 minutes with a glass P o t t e r-E l v eh j e m homogenizer at 0°C. Structural elements of cells were fractionated by differential centrifugation as shown in Table 1 . Thus, nuclear and mitochondrial fractions and supernatant were obtained. A drop of mitochondrial fraction was mixed with the various fixatives mentioned above used for the preparation of tissue sections, smeared on a glass slide, and then stained by various methods described above (H e i d e n h a i n's iron hematoxylin, toluidin blue, methyl green-pyronine and Sudan III stains the periodic acid S c h i f f and F e u 1 g e n reactions).
By these methods, mitochondria could be fixed without deformities from the mitochondrial fraction.
Results and Discussion
The preparations of tissues and those of isolated mitochondria stained with the same method were observed comparatively.
1. Iron hematoxylin staining It was intended by iron hematoxylin staining to make out the differences in forms and sizes between intracellular and isolated mitochondria.
In liver sections fixed by K o 1 s t e r's solution and stained by iron hematoxylin, mitochondria were observed as purple dense granules of rod and ellipsoid in shape, 0.5 j by 1.0 in size, and dispersed almost evenly in the cytoplasm.
In fractionated liver materials, mitochondria were rod or ellipsoid with 0.88 M sucrose and spheroid with 0.25 M sucrose, two or three times larger than mitochondria in tissue sections, and stained as purple dense particles.
Mitochondria contaminated in the nuclear fraction were also rod or ellipsoid with 0.88 M sucrose and spheroid with 0.25 M sucrose, but three or four times larger than mitochondria in sections. They were also stained purple, but not equally dense, slightly light purple in center and dense purple in the margin.
In kidney cortex sections, mitochondria were dispersed almost evenly in the cytoplasm, stained blackish purple and showed different forms in different parts.
In the cells of the proximal convoluted portion of the renal tubules, the nucleus was located slightly near the lumen.
The mitochondria in the infranuclear region were rod or ellipsoid, 0.2 # by 2.0 it in size, but those in the supranuclear area were spheroid and 0.3 to 0.4 p in diameter. In addition, many spheroid granules about 1.0 to 3.0 u in diameter, stained blackish purple, were found pushed out towards the lumen from the surface of the cell, and these might be secretory granules.
In the cells of the straight portion of the renal tubules, the mitochondria were found to show a longitudinally regular arrangement towards the lumen and stained purple. On the other hand, isolated mitochondria showed almost the same forms, i. e., rod 0.5 it by 1.5 fl in size with 0.88 M sucrose, spheroid 0.7 to 1.0 At in diameter with 0.25 M sucrose, and they were stained dense purple. Purple red granules which were stained strongly with the periodic acid S c h i f f solution and did not disappear with salivary digestion test, were observed on the surface of the cell, and might be secretory granules.
In the straight portion of the renal tubules, the substances which were stained strongly with the periodic acid Sc hi f f solution and did not disappear with the salivary digestion test, were arranged in the free side of cells.
Isolated mitochondria were stained feebly reddish purple and did not disappear with the salivary digestion test.
Their forms and sizes were the same as described above.
The substances which were feebly stained with the periodic acid S c h i f f solution and did not disappear with the salivary digestion test, might be lipoprotein, mucoprotein or glycoprotein . 4. Nucleic acid staining In slices of liver and kidney cortex, mitochondria were stained as bluish purple, dense granules with toluidin blue , feeble red with methyl green-pyronin, but not stained with the Feulgen reaction . Isolated mitochondria were stained bluish purple with toluidin blue, feeble red with methyl green-pyronin , but showed negative Feulgen reaction.
So, it might be supposed that the substance is ribonucleic acid which is stained with toluidin blue and methyl green-pyronin but not with Feulgen reaction.
These results agreed with the finding that 19.3% ribonucleic acid-phosphate was present in the total phosphate of rat liver mitochondria (13).
Summary
A comparative histochemical study was carried out on the mitochondria of liver and kidney cortex and isolated mitochondria . Isolated mitochondria showed swelling or deformity different from those in situ, but the staining characteristics did not change by the isolation procedure.
Both types of mitochondria were stained with iron hematoxylin, but not with Sudan III . Both contained a substance positive to the periodic acid S c h i f f reaction and negative to salivary reaction and a substance which was stained with toluidin blue and methyl green-pyronin but not with Feulgen reaction .
